Neuregulin-4 (Nrg4) is a newly discovered adipokine that is synthesized in many tissues and plays an important role in modulating systemic energy metabolism and in the development of metabolic disorders. However, little is known about the relationship between Nrg4 and coronary artery disease (CAD). In this study, we investigated the association between Nrg4 and the presence and severity of CAD.
N euregulins (NRGs) are signaling proteins which mediate cell-cell interactions and influence the proliferation, apoptosis, migration, differentiation, and adhesion of cells in many kinds of tissues. [1] [2] [3] [4] Neuregulin-4 (Nrg4) is a secreted adipokine of this epidermal growth factor-like (EGFL) family recently identified as playing an important role in modulating systemic energy metabolism and in the development of metabolic disorders in rodent and human obesity. 5, 6) Mice overexpressing Nrg4 had inhibited lipogenesis and reduced chronic inflammation, resulting in the prevention of highfat diet induced adiposity and fatty liver and the improvement of insulin sensitivity compared to controls. 7) In a case-control study in China, it was shown that the serum Nrg4 level was an independent factor associated with nonalcoholic fatty liver disease (NAFLD) and reported that Nrg4 might have a protective role in the development of NAFLD. 8) Using a rat insulinoma cell line as an in vitro model system, it was found that Nrg4 had a very pronounced effect on insulin secretion. 9) A cross-sectional study indicated that circulating Nrg4 concentrations were inversely associated with the risk of metabolic syndrome in obese adults.
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Coronary artery disease (CAD) is a major cause of morbidity and mortality worldwide. 10) Identification of risk factors for the development of CAD could aid the development of prevention strategies. Obesity and metabolic disorder are the risk factors of developing CAD. 11, 12) And decreased insulin sensitivity and low-grade inflammation may largely account for the development of CAD. Previous research has indicated that several cytokines secreted by adipocytes have pro-and anti-inflammatory properties and are associated with the incidence of CAD. 5) TIAN, ET AL Information is not available regarding the association between circulating Nrg4 and the presence and severity of CAD in human subjects. Only one study showed that circulating Nrg4 concentrations were inversely correlated with carotid intima-media thickness (CIMT), which is a subclinical atherosclerotic disease and can predict cardiovascular disease (CVD) events in the general population. 5, 13, 14) However, the relationship between Nrg4 and the presence and severity of CAD is unclear. Accordingly, the aim of the current study was to explore this relationship. We measured the plasma levels of Nrg4 in patients with CAD and analyzed the correlation of Nrg4 and degree of coronary stenosis.
Methods
Subjects: Seventy-three patients who underwent coronary angiography (CAG) and were diagnosed with CAD and 32 patients with normal coronary arteries were enrolled in the study. Patients with previous coronary artery bypass grafting (CABG) and/or acute coronary syndrome were excluded from the study. Patients with diabetes, an acute infection, chronic inflammatory diseases, severe hepatic or renal dysfunction, or malignancy were also excluded. The study was proved by the Ethics Committee of Peking University First Hospital, Beijing, and complied with the principles outlined in the Declaration of Helsinki. Informed consent was obtained from the subjects before their inclusion. Coronary angiography: Coronary angiography (CAG) was performed using the Judkins technique through the femoral or radial artery. Each coronary artery was displayed in at least two different plane images. The SYN-TAX score was used to define the severity of coronary lesions. The SYNTAX score was calculated in all patients by two experienced interventional cardiologists. The SYN-TAX score was determined for all coronary lesions with > 50% diameter stenosis in a vessel > 1.5 mm, based on the SYNTAX score calculator (http://www.syntax.com). The CAD group was divided into two subgroups as the high SYNTAX score (!15) subgroup (26 patients) and lower SYNTAX score (< 15) subgroup (47 patients). Clinical examinations: The medical history, blood pressure, smoking history, body mass index (BMI), medications, and comorbidities of the patients were recorded.
Venous blood samples were obtained from the antecubital vein on admission. All patients underwent laboratory tests using standard methods following overnight fasting to determine serum triglycerides (TG), total cholesterol (TCHO), high-density lipoprotein (HDL), lowdensity lipoprotein (LDL), creatinine (Cr), high-sensitivity C-reactive protein (hsCRP), brain natriuretic peptide (BNP), and glycosylated hemoglobin A1c (HbA1C).
Blood samples for Nrg4 measurements were drawn into tubes containing disodium ethylene diamine tetraacidic acid (1 mg/mL) and aprotinin (500 KIU/mL; Sigma, St. Louis, MO, USA), and then immediately centrifuged at 3500 g for 10 minutes at 4 . Plasma was stored at −80 . Nrg4 was measured using an EIA kit (EK-056-24, Phoenix Pharmaceuticals, USA) as recommended by the manufacturer's protocol. The intra-and inter-assay coefficients of variation were < 5% and < 14%, respectively. The detection range was 0 to 100 ng/ mL. Statistical analysis: IBM SPSS Statistics version14.0 was used for statistical analysis. Continuous variables are expressed as the mean ± standard deviation, and categorical variables are expressed as percentages and/or numbers. The chi-square test was used to compare the categorical variables. One-way analysis of variance test was used to compare normally distributed variables between 3 groups. Correlations between variables were tested by Pearson and nonparametric Spearman correlation analysis. A logistic regression model was used to examine the risk factors of CAD. Receiver operating characteristic (ROC) curves were generated and areas under the curve (AUC) were compared to identify the cut-off values of Nrg4 to assess the presence and severity of CAD. Two-sided values of P < 0.05 were considered statistically significant.
Results
Clinical characteristics: Gender, BMI, systolic blood pressure (SBP), diastolic blood pressure (DBP), fasting glucose, HbA1C, TG, TCHO, HDL, LDL, use of calcium channel blocker (CCB) and angiotensin converting enzyme inhibitors (ACEI) or angiotensin receptor blocker (ARB), left ventricular ejection fraction (LVEF), and history of hypertension showed no statistically significant differences among the groups. There were more patients in the CAD (either SYNTAX score higher or lower) group using aspirin, β-blocker, and statins, and more smokers. The levels of hsCRP and BNP of the patients with a higher SYNTAX score were higher than the patients with a lower SYNTAX score. The patients with a higher SYN-TAX score were older and had a lower estimated glomerular filtration rate (eGFR) level than the patients with a lower SYNTAX score (Table I) . Circulating Nrg4 concentration: The patients with a higher SYNTAX score had significantly lower Nrg4 levels (0.87 ± 0.55 ng/mL) as compared with the low SYNTAX score group (1.35 ± 0.63 ng/mL) and control group (1.41 ± 0.17 ng/mL). The Nrg4 levels of the low SYNTAX patients were lower than the control group and the difference was also statistically significant (Table I) . Relationships between variables and presence and severity of CAD: Using the Pearson and nonparametric Spearman correlation tests for all collected variables, it was observed that human circulating Nrg4 levels were not associated with age, BMI, TG, TCHO, LDL, HDL, HbA1C, or hsCRP, but were negatively associated with the SYNTAX score (Table II) .
Age, gender, BMI, hypertension, smoking, TG, LDL, HbA1C, hsCRP, and Nrg4 were used in the logistic regression analysis with a backward stepwise method. It was found that hypertension, LDL, Nrg4, and smoking were significantly correlated with CAD (Table III) .
The level of Nrg4 was inversely correlated with the SYNTAX score (P = 0.008 in nonlinear regression analysis) (Figure 1 ). Data are presented as the mean ± SD or n (%). *P < 0.05 compared with control; † P < 0.05 compared with the SYNTAX score ( < 15). BMI indicates body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HbA1C, glycosylated hemoglobin A1c; TG, triglycerides; TCHO, total cholesterol; HDL, high-density lipoprotein; LDL, lowdensity lipoprotein; hsCRP; high-sensitivity C-reactive protein; eGFR, estimated glomerular filtration rate; BNP, brain natriuretic peptide; Nrg4, neuregulin-4; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; CCB, calcium channel blocker; and LVEF, left ventricular ejection fraction. ure 2) revealed the AUC of Nrg4 in assessing the presence and severity of CAD. The AUC were 0.629 and 0.802, respectively. Nrg4 had 43.8% sensitivity and 96.9% specificity for identifying CAD, and 73.1% sensitivity and 87.3% specificity for identifying patients who had severe coronary artery lesions.
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Discussion
In the present study, we reported for the first time that circulating Nrg4 concentrations were significantly reduced in patients with CAD and Nrg4 levels were lower in the patients with a higher SYNTAX score. These findings indicated that Nrg4 levels were inversely associated with the presence and severity of CAD. Nrg4 might be a protective factor in cardiovascular diseases.
It has been established that adipose tissue is a highly dynamic endocrine organ with central roles in the regulation of energy metabolism. Brown adipocytes dissipate energy, whereas white adipocytes are an energy storage site. Activation of brown adipose tissue (BAT) increases energy expenditure. 15) Inducing brown-like adipocyte formation in white adipose tissue (WAT) may be valuable to ameliorate arterial stiffness. 16) Nrg4 was recently identified as a brown-fat-enriched endocrine factor. It could be a key factor for the development of BAT and acquisition of BAT features of WAT depots by promoting the growth of neurites and thus enhancing innervation of the tissues needed to activate the thermogenic functions. 6) Nrg4 has provided new insight into the prevention of obesity associated disorders. Wang, et al 17) reported that Nrg4 expression was reduced in murine and human obesity and Nrg4 transgenic mice had lower blood glucose and improved glucose tolerance and insulin sensitivity. Dai, et al. 8) reported that Nrg4 levels were decreased in NAFLD subjects versus non-NAFLD controls. Cai, et al. 5) provided new evidence that Nrg4 was inversely associated with hepatic fat content in obese adults. All of these results suggest that Nrg4 may be involved in crosstalk between BAT and obesity associated disorders.
Obesity is associated with cardiovascular risk factors and increased risk of CAD. Jiang, et al 18) found that circulating Nrg4 was inversely associated with CIMT, which was the subclinical atherosclerotic disease and can predict CAD events in the general population. In this study, we found that lower Nrg4 concentrations were correlated with the presence of CAD and Nrg4 levels were negatively associated with the SYNTAX score. Furthermore, adjustment for age, gender, BMI, and HbA1C did not attenuate this association. These findings indicated that low circulating Nrg4 could be a new protective adipokine against CAD.
Little is known about the role of Nrg4 in the pathogenesis of CAD. The possible protective mechanism may be a direct or indirect connection between this molecule and the cardiovascular system. Jiang, et al 18) found that Nrg4 may protect against CAD via mechanisms independent of improving insulin resistance and obesity. Nrg4, as an autocrine, paracrine, or endocrine factor, can activate tyrosine kinases Erb3 and Erb4 in the cardiovascular system, which are important transcriptional regulators of cardiomyocyte proliferation and coordinate glucose and lipid metabolism with thermogenesis. [19] [20] [21] [22] However, as a newly discovered factor, the exact effect of Nrg4 in CAD needs to be further studied in vivo and in vitro.
Our study provided for the first time evidence that circulating Nrg4 concentrations were significantly reduced in patients with CAD and Nrg4 levels were inversely associated with the presence and severity of CAD. Nrg4 might be a new protective adipokine of CAD. Results of ROC curve analysis revealed that measuring Nrg4 may be more useful for identifying patients with high SYNTAX scores than identifying the presence of CAD. However, there are several limitations in the study. First, the study was based on data with a relatively limited sample size. Second, given its cross-sectional design, the causal relationship between circulating Nrg4 and CAD could not be determined. Further large prospective studies will be needed to elucidate the exact relationship between Nrg4 and CAD.
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